Nutritional rickets in Almadinah Almunawwarah: Presentation and associated factors  by Elhassan Elidrissy, Abdelwahab T.H. et al.
Journal of Taibah University Medical Sciences (2012) 7(1), 35–40Taibah University
Journal of Taibah University Medical Sciences
www.jtaibahumedsc.net
www.sciencedirect.comClinical StudyNutritional rickets in Almadinah
Almunawwarah: Presentation and associated factorsAbdelwahab T.H. Elhassan Elidrissy, FRCPE, DCH, FRCPCH a,*,
Abdallah Mohmmed Sandokji a, Mohmmed Saed Faleh Al-Magamsi, CABP b,
Zakaria Mohamed Al-Hawsawi, CABP b, Abdelrahman Saud Al-Hujaili b,
Naji Hamoud Babiker, CABP b, Ahmed Mohamed Yousif, DCH ba Department of Pediatrics, College of Medicine, Taibah University, Almadinah Almunawwarah, Saudi Arabia
b Department of Pediatrics, Maternity and Children’s Hospital, Almadinah Almunawwarah, Saudi ArabiaReceived 2 February 2012; revised 30 April 2012; accepted 22 May 2012*
m
A
+
E
Pe
16
htKEYWORDS
25OHD;
Breastfeeding;
Vitamin D deﬁciencyCorresponding author. Add
ent of Pediatrics, College o
lmadinah Almunawwarah, Sa
966 4 8447884.
-mail address: elidrissytazy@
er review under responsibilit
Production an
58-3612 ª 2012 Taibah Univ
tp://dx.doi.org/10.1016/j.jtumress: Pro
f Medicin
udi Arab
hotmail
y of Taib
d hostin
ersity. P
ed.2012.Abstract Objectives: To study vitamin D deﬁciency rickets and associated factors in the Almad-
inah Almunawwarah region, where this problem has not been studied previously, despite reports
from other parts of Kingdom of Saudi Arabia.
Methods: We conducted a prospective hospital-based study of cases of rickets or hypocalcaemia
seen in the outpatient clinic or admitted to the main referral hospital between October 2008 and
March 2009. Socioeconomic, clinical and biochemical data were collected and analyzed to deter-
mine the factors associated with rickets include environmental, nutritional and maternal in Almad-
inah Almunawwarah region.
Results: The presenting features of the 136 cases of rickets seen were diarrhoea and vomiting or
cough and fever in 48, convulsions in 11 infants (8.1% of the total and 33.3% of those aged less
than 1 year), bow legs in 78, delayed dentition in 33, delayed standing in 38, hypotonia in 25, abnor-
mal gait in 54 and sweating in 33. The factors associated with rickets were multiple.
Conclusion: Rickets is prevalent in the Medina region. The main factor associated with its prev-
alence was environmental and cultural avoidance of exposure to the sun, which shines all the year
round. As rickets is a preventable disease, vitamin D supplementation should be given. All breastfedfessor of Paediatrics, Depart-
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Table 1: Presentation in active ricket
above two years of age.
Non-speciﬁc Causes of
presentation of rachitic cases
Rickets related features at presentatio
Signs of rickets
36 A.T.H.E. Elidrissy et al.infants should be given the recommended 400 IU daily, and the mothers during pregnancy and lac-
tation should be supplemented with 1000 units of vitamin D3, to prevent rickets in their infants and
avoid diseases in themselves.
ª 2012 Taibah University. Production and hosting by Elsevier Ltd. All rights reserved.Introduction
Since we ﬁrst described rickets in Kingdom of Saudi Ara-
bia, a country with a high sun factor, in 1980, reports have
been made from other parts of the country but not from
the north-west (Almadinah Almunawwarah Region).1–5 We
therefore decided to study the factors associated with rickets
and its presentation in Almadinah Almunawwarah to com-
plete the analysis. The study was conducted in the Mater-
nity and Children’s Hospital Almadinah Almunawarrah, a
400-bed hospital and the main pediatric referral hospital
in the region. As we found rickets in infants at a mean
age of 10 months in the Riyadh region, we proposed that
maternal vitamin D deﬁciency is a major factor in the path-
ogenesis of rickets in breastfed infants. We conﬁrmed this
hypothesis by reporting vitamin D deﬁciency in the mothers
of rachitic infants.6 Further, we found that the concentra-
tion of 25-hydroxyvitamin D (25OHD) in the cord blood
of newborns and their mothers was low, although cord
blood calcium was higher than that of the mothers.7–10 An-
other study in Riyadh conﬁrmed our ﬁndings, showing a
drop in calcium level in the infants of vitamin D-deﬁcient
mothers on the seventh day of life.11 The aim of the study
reported here was to investigate the factors associated with
vitamin D deﬁciency in all regions of Kingdom of Saudi
Arabia.
Materials and methods
All 136 infants with a diagnosis of clinical rickets seen at the
clinic or admitted to hospital in the 6-month period betweens at presentation according to ag
Symptom or sign Age
<1
Convulsions 9
Diarrhea and vomiting 5
Fever 5
Unwell 2
Cough 3
Others 6
n Bow legs 0
Delay dentition 7
Delay standing 5
Hypotonia 9
Abnormal gait 0
Sweating 6
Craniotabes 6
Frontal bossing 24
Wide wrist 25
Harrison sulcus 11
Costo-chondral beading 12
Bow legs 11October 2008 andMarch 2009, with hypocalcaemic convulsions
or clinical features of rickets were included in the study. A form
eliciting socioeconomic and clinical data was ﬁlled in for each
patient. Blood samples for biochemical and haematological test-
ing were collected as per the hospital policy. Further blood sam-
ples for determining 25OHD levels were collected randomly
from both mothers and infants and stored at 70 C for later
analysis. Radiology of the right wrist was conducted for each
person, and other sites were examined radiologically if needed.
The cases were divided into three groups: infants below 1 year
of age, children over 1 year and below 2 years and children over
2 years of age. Further, all cases diagnosed clinically as rickets or
hypocalcaemiawere divided into active or healed rickets accord-
ing to radiological evidence of activity or healing of the wrist by
the Thatcher criteria.12 Nutritional status was assessed by
weight for age and plotted on the Saudi growth chart.13
Results
Socio –economic data
The 136 cases of rickets and hypocalcaemia comprised 78
(57.3%) boys and 58 (42.9%) girls, of whom 122 (89%) were
Saudis and 14 (11%) were non-Saudis. Consanguinity was
found for 56 infants of ﬁrst-degree cousins (41.1%) and 23 in-
fants of second-degree cousins (16.9%); the parents of 11 fur-
ther infants were more distantly related (8.1%), and the
parents of 43 (31.6%) were not related. Ethnic grouping
showed that 125 (91.9%) were of Arabic origin and 9 (6.6%)
of African origin. The review of maternal education showed
that the mothers of 34 infants (25%) had higher education,e groups: A below one year, B between one and two years, and C
N= 27
% Age 1–2
N= 40
% Age >2
N= 19
% Total
N= 86
%
33.3 0 0.0 0 0.0 9 12.8
18.5 6 15.0 0 0.0 11 8.1
18.5 6 15.0 1 53.0 12 14
7.4 2 5.0 3 15.8 7 8.1
11.1 6 15.0 0 0.0 9 10.5
22.2 5 12.5 5 26.3 16 18.6
0.0 21 52.5 12 63.2 24 28
25.9 13 32.5 1 5.3 21 24.4
18.5 19 47.5 3 15.8 27 31.3
33.3 9 22.5 1 5.3 19 22.1
0.0 21 52.5 14 73.7 35 40.7
22.2 14 35.5 3 15.8 23 26.7
22.2 0 0.0 0 0.0 6 0.7
88.8 35 87.5 14 73.7 73 84.9
92.6 35 87.5 17 89.5 77 89.5
40.7 15 37.5 4 21.1 30 34.9
44.4 25 62.5 7 36.8 44 51.2
40.7 31 77.5 12 63.2 54 62.8
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17 (12.5%) were able to read and write and 21 (15.4%) were
illiterate. The father’s monthly income was below 2000 Riyals
in 29 (21.9%) cases, 2000–4000 Riyals in 39 (29.5%) cases and
above 4000 Riyals in 64 (48.5%) cases. The type of housing
was a ﬂat for the parents of 95 (70%) infants, while most of
the rest lived in traditional houses. The infants and mothers
were not exposed to the sun in 88 (64.7%) cases, and 116
(85%) infants were traditionally wrapped up. As regards feed-
ing history, 94% were breastfed and 6% were not.
Clinical features
The clinical features of all infants and children for whom the
parents sought medical advice are shown in Table 1 according
to age group.Diarrhea and vomiting or cough and fever were re-
corded in 48 cases (35%). The cause of hospitalization was con-
vulsions in 11 (8.1%) cases, and these represented 33.3% of
infants under 1 year of age. Bow legs were found in 78
(57.4%), delayed dentition in 33 (24.3%), delayed standing in
38 (27.9%), hypotonia in 25 (18.4%), abnormal gait in 54
(39.9%) and sweating in 33 (24.3%). Clinical examination re-
vealed craniotabes in 9 (6.6%), frontal bossing in 110 (80.9%)
and delayed dentition in 38 (27.9%). Wide wrist was noted in
114 cases (83.3%) and costo-chondral beading in 54 (39.7%).
Bow legs were found in 90 (66.2%) and waddling gait in 68
(50%). Hypotonia was noted in 34 (25%) and bone fracture in
2 (1.5%). Active rickets was diagnosed in 86 (63%) children
and healed rickets in 50 (37%). The mean age was 17.0 months
for those with active rickets and 23.9 months for those with
healed rickets, the difference being signiﬁcant (P= 0.0232).
The meean weight was 8.5 kg for children with active rickets
and 11.4 kg for those with healed rickets, with a highly signiﬁ-
cant difference (P= 0.0004). The mean height was 70 cm for
childrenwith active rickets and 80 cm for those with healed rick-Table 2: Comparison of clinical feature in active and healed rickets
% Healed % Active Sympto
10.0 5 13.95 12 Diarrhe
14.0 7 10.5 9 Cough
8.0 4 14.0 12 Fever
2.0 1 10.5 9 Convul
12.0 6 8.1 7 Unwell
72.0 36 48.8 42 Bowing
24.0 12 24.4 21 Delay d
22.0 11 31.4 27 Delay s
12.0 6 22.1 19 Hypoto
44.0 22 37.2 32 Abnorm
20.0 10 26.7 23 Sweatin
26.0 13 25.6 22 Others
Table 3: Biochemical ﬁndings in infants with active and healed ricke
Rickets
status
Age in
months
25OHD ng/ml
>25 normal
PTH
(9–65 pg/
ml)
Active 17 12.39 199.9
Healed 23.9 52.6 60.8
P <0.0001 0.002ets, which was also signiﬁcant (P= 0.0001). Themean head cir-
cumference was 46 cm in active rickets and 47.2 cm in healed
rickets (P= 0.1404).
The mean chest circumference was 44.1 cm in active rickets
and 46.8 cm in healed rickets, with a signiﬁcant P value of
0.0024.
As the age of the child appeared to play a role in present-
ing symptoms and signs, we compared the symptoms and
signs of active and healed rickets in the three age groups (Ta-
ble 2). The clinical features were divided into three groups:
general clinical symptoms not speciﬁcally related to rickets,
classical clinical symptoms of rickets and classical signs of
rickets. The symptoms not due directly to rickets were diar-
rhoea and vomiting, coughing, fever, convulsions and feeling
unwell. The classical features of rickets included delayed den-
tition and bow legs.
Biochemical results
The biochemical results for children with active and healed
rickets are shown in Table 3. Calcium, phosphorus and
25-hydroxycholecalciferol were signiﬁcantly lower in active
rickets than in healed rickets, whereas alkaline phosphatase
and parathormone were signiﬁcantly higher in active rickets.
The mean parathormone level was 199.8 in active rickets and
60.8 in healed rickets, with a highly signiﬁcant P value of
0.002. The alkaline phosphatase levels in active and healed
rickets, with 500 IU taken as the cut-off point for normal,
are shown in Figure 1.
Discussion
This hospital-based study, although it cannot be considered an
epidemiological study, showed that rickets is prevalent in the
Almadinah Almunawwarah area to a degree that it is a majorin the study group (136).
ms
a and vomiting General causes of bringing child to hospital
sions
of legs Causes of referral related to rickets
entition
tanding
nia
al Gait
g
ts.
Calcium
mmol/L 2–2.5
Phosphrous mmol/
L 0.87–1.45
Alkaline phosphtase
IU/L 50–135 Ad
2.04 1.1 1207
2.3 1.8 344
0.0001 <0.0001 <0.0001
Figure 1: Parathormone (PTH) and Alkaline phosphatase (ALK) in active (left) healed (rt) rickets.
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parts of Kingdom of Saudi Arabia.1–5 The majority of the chil-
dren were breastfed ﬂat dwellers; they were mainly Saudis with
a few from neighboring countries and only 6% of African ori-
gin. As a consanguinity rate of 66.1% is similar to that in other
parts of Kingdom of Saudi Arabia, there is no evidence that
genetic factors contribute to the incidence of the disease in
the country.14 Maternal educational level and paternal income
were relatively high and cannot be associated with the develop-
ment of rickets in this community. As the housing of the fam-
ilies was mainly ﬂats (70%), lack of exposure to the sun plays a
major part, as observed in previous studies.1–6 This study fur-
ther conﬁrms that living in a ﬂat with no exposure to sunlight
is a major factor in the pathogenesis of rickets; therefore, play
areas for children should be encouraged in residential areas.
The clinical features of rickets shown in Table 1 were di-
vided into three groups to indicate the importance of early
diagnosis of rickets for preventing the three serious associa-
tions and complications, convulsions, myeloﬁbrosis and car-
diomyopathy, and to avoid bone deformity.4,5,14–18 One third
of infants under 1 year presented with convulsions and the
remainder with respiratory and gastrointestinal symptoms.
General symptoms such as gastrointestinal and respiratory
conditions continued to be seen in 1–2-year-old children but
not in those over 2 years. Hypocalcaemic convulsions remain
the commonest presentation of rickets during the ﬁrst year
of life in our and other studies, because hypocalcaemia is the
ﬁrst response to vitamin D deﬁciency.4,5,14 Convulsions were
not seen in children over 2 years of age because the calcium
level was corrected by hyperparathyroidism, which moves
calcium from the bones to the circulation. Such correction of
calcium is vital for preventing serious complications.
The classical bone features of rickets, like waddling gait and
limb deformities such as bow legs, knock knees and waddling
gait, were seen after the children started to walk late in the sec-
ond year of life. Deﬁciency occurring months before rickets is
seen on physical examination; however, although growth fail-
ure, lethargy and irritability may be early signs of vitamin Ddeﬁciency, they are difﬁcult to pinpoint. Wide wrist was the
commonest sign in all three age groups, the rate varying be-
tween 88% and 93%. Costo-chondral beading was also present
in the three groups, at 37% and 63%, as the ribs are the bones
that grow fastest in the ﬁrst year of life. The features of rickets
depend on the rate of growth of each bone at the growing ends.
When there is irregularity in the process of growth due to low
calcium and phosphorus or secondary to vitamin D deﬁciency,
all the growing ends show the abnormalities that characterize
rickets, regardless of the cause. Frontal bossing was an obvi-
ous feature, occurring in 74% of children over 2 years and
89% of those aged 1–2 years, when the skull is the fastest
growing bone. Waddling gait and bow legs are the most com-
mon cause of concern to parents after their child starts to walk,
although delayed walking is one of the presenting features. In
only one study were the features of rickets in children below
1 year of age compared with those over 1 year, which showed
that the classical clinical features are not apparent during the
ﬁrst year of life, which is why rickets is underdiagnosed in this
age group.19 This is similar to what we observed in this study.
In the early phase of rickets, during the ﬁrst year of life, the
most important feature is ‘biochemical rickets’, namely hypo-
calcaemia and high alkaline phosphatase. The hypocalcaemia
is attributable to the increased metabolic demands of rapid
growth during these early age periods, resulting in symptomatic
hypocalcaemia before any radiological changes occur.14,20 If left
untreated, these patients may later present with classical rick-
ets.14 We found high alkaline phosphatase in all cases of radio-
logically active rickets, regardless of the level of calcium or age,
which decreased rapidly with radiological evidence of healing.
Therefore, alkaline phosphatase could be used as an easily avail-
able screening test for rickets and vitamin D deﬁciency, and its
decrease could be used as early evidence of healing.
The high incidence of respiratory symptoms can be related
to the role of vitamin D in immunity. It was reported recently
that cord blood levels of 25OHD are inversely associated with
the risk for respiratory tract infections and childhood wheezing
but not with the incidence of asthma.21
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We can conclude from this study that vitamin D deﬁciency
rickets is still seen in Al-Medina region among breast fed in-
fants heralded by maternal vitamin D deﬁciency in mothers
as we have reported previously.7 There is a report from
Denmark showing that mothers with low vitamin D give birth
to children with low vitamin D and increased risk of rickets.
There are reports showing increasing rates of rickets due to
insufﬁcient sunlight exposure and inadequate vitamin D in-
take.22,23 It is evident from recent studies that vitamin D deﬁ-
ciency has become a global problem being reported from
snowy as well as sunny countries. Lowdon stated that exposure
to the sun has a number of beneﬁts. For example, it increases
people’s sense of wellbeing, allows them to synthesize vitamin
D and provides opportunities for physical activity. A tendency
for children to stay indoors and watch TV or play on computer
games, rather than play outside when the sun is shining, is
arguably also another contributing factor.23 The American
academy of pediatrics, now recommended that all infants
and children, including adolescents, have a minimum daily in-
take of 400 IU of vitamin D beginning soon after birth. These
revised guidelines for vitamin D intake for healthy infants,
children, and adolescents are based on evidence from new clin-
ical trials and the historical precedence of safely giving 400 IU
of vitamin D per day in the pediatric and adolescent popula-
tion. New evidence supports a potential role for vitamin D
in maintaining innate immunity and preventing diseases such
as diabetes and cancer.24 Also a Turkish nationwide ‘vitamin
D prophylaxis augmentation programme’ initiated in 2005 re-
duced the prevalence of rickets from 6% in 1998 to 0.1% in
2008 in children under 3 years of age. The program included
free distribution of vitamin D drops to all newborns and in-
fants (0–12 months) visiting primary health stations through-
out the country. Free disposal of vitamin D to infants is an
effective strategy for preventing vitamin D-deﬁcient rickets.25
Further there is evidence of increased prevalence of CS in vita-
min D deﬁcient mothers.26
Saadi et al., assigned healthy breast feeding mothers to 2000
IU daily (group 1) or 60,000 IU monthly (group 2) of vitamin
D(2), and all their infants received 400 IU daily of vitamin D
for 3 months. Most infants had vitamin D deﬁciency - 25-
hydroxyvitamin D [25(OH)D] 6 37.5 nmol/L- at study entry.
Serum 25(OH)D concentrations at 3 months increased signiﬁ-
cantly. Maternal and infant serum 25(OH)D concentrations
correlated positively at baseline and 3 months. Breast milk
antirachitic activity increased from undetectable (<20 IU/L)
to a median of 50.9 IU/L. They concluded that, combined
maternal and infant vitamin D supplementation was associ-
ated with a threefold increase in infants’ serum 25(OH)D con-
centrations and a 64% reduction in the prevalence of vitamin
D deﬁciency without causing hypervitaminosis D.27 Finally I
would like conclude by a statement of Holick that, epidemiol-
ogic evidence and prospective studies have linked vitamin D
deﬁciency with increased risk of many chronic diseases
including autoimmune diseases, cardiovascular disease, deadly
cancers, type II diabetes and infectious diseases. Vitamin D
deﬁciency and insufﬁciency have been deﬁned as a 25-
hydroxyvitamin D <20 ng/ml and 21–29 ng/ml respectively.
For every 100 IU of vitamin D ingested the blood level of
25-hydroxyvitamin D, the measured vitamin D status, in-
creases by 1 ng/ml. It is estimated that children need at least400–800 units IU of vitamin D a day while teenagers and
adults need at least 2000 IU of vitamin D a day to satisfy their
body’s vitamin D requirement. It is estimated that 1 billion
people worldwide are vitamin D deﬁcient or insufﬁcient. Cor-
recting and preventing this deﬁciency could have an enormous
impact on reducing health costs worldwide.28 Depending on all
these data we are suggesting measures of prevention of vitamin
D deﬁciency and insufﬁciency by supplementing breast fed in-
fants with 400 units of vitamin D3 daily from birth to two
years. Maternal supplementation during pregnancy and lacta-
tion is also highly suggested and recommended by giving 1000
to 2000 units daily, from the second trimester, during
pregnancy. This sort of program can be easily applied through
Ministry of Health primary care centers for pregnant mother
and their breastfed infants.
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